Fibrella aestuarina gen. nov., sp. nov., a filamentous bacterium of the family Cytophagaceae isolated from a tidal flat, and emended description of the genus Rudanella Weon et al. 2008 by Filippini, M et al.
University of Zurich
Zurich Open Repository and Archive
Winterthurerstr. 190
CH-8057 Zurich
http://www.zora.uzh.ch
Year: 2011
Fibrella aestuarina gen. nov., sp. nov., a filamentous bacterium
of the family Cytophagaceae isolated from a tidal flat, and
emended description of the genus Rudanella Weon et al. 2008
Filippini, M; Svercel, M; Laczko, E; Kaech, A; Ziegler, U; Bagheri, H C
Filippini, M; Svercel, M; Laczko, E; Kaech, A; Ziegler, U; Bagheri, H C (2011). Fibrella aestuarina gen. nov., sp.
nov., a filamentous bacterium of the family Cytophagaceae isolated from a tidal flat, and emended description of the
genus Rudanella Weon et al. 2008. International Journal of Systematic and Evolutionary Microbiology, 61(Pt
1):184-189.
Postprint available at:
http://www.zora.uzh.ch
Posted at the Zurich Open Repository and Archive, University of Zurich.
http://www.zora.uzh.ch
Originally published at:
International Journal of Systematic and Evolutionary Microbiology 2011, 61(Pt 1):184-189.
Filippini, M; Svercel, M; Laczko, E; Kaech, A; Ziegler, U; Bagheri, H C (2011). Fibrella aestuarina gen. nov., sp.
nov., a filamentous bacterium of the family Cytophagaceae isolated from a tidal flat, and emended description of the
genus Rudanella Weon et al. 2008. International Journal of Systematic and Evolutionary Microbiology, 61(Pt
1):184-189.
Postprint available at:
http://www.zora.uzh.ch
Posted at the Zurich Open Repository and Archive, University of Zurich.
http://www.zora.uzh.ch
Originally published at:
International Journal of Systematic and Evolutionary Microbiology 2011, 61(Pt 1):184-189.
 1 
Int. J. Syst. Evol. Microbiol. in press, PubMed ID 20190021 1 
Fibrella aestuarina gen. nov., sp. nov., a filamentous 2 
bacterium of the family Cytophagaceae isolated from North 3 
Sea tidal flats and emended description of the genus 4 
Rudanella Weon et al., 2008 5 
 6 
Manuela Filippini1, Miroslav Svercel1, Endre Laczko2, Andres Kaech3, Urs 7 
Ziegler3, Homayoun C. Bagheri1* 8 
1Institute of Evolutionary Biology and Environmental Studies, University of Zurich, 9 
Winterthurerstrasse 190, 8057 Zurich, Switzerland; 2Functional Genomics Center 10 
Zurich, Winterthurerstrasse 190, 8057 Zurich, Switzerland; 3Center for Microscopy 11 
and Image Analysis, University of Zurich, Winterthurerstrasse 190, 8057 Zurich, 12 
Switzerland 13 
 14 
* Corresponding author: bagheri@ieu.uzh.ch 15 
Tel.: +41 44 635 6623 16 
Fax: +41 44 635 6887 17 
Running title: Fibrella aestuarina gen. nov., sp. nov. 18 
Subject category: New Taxon in Bacteroidetes 19 
 20 
 21 
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene 22 
sequence of strain BUZ 2T is GQ141052. 23 
24 
 2 
A gram-staining-negative, pink bacterium designated strain BUZ 2T, was 24 
isolated from coastal mud from the North Sea (Fedderwardersiel, 25 
Germany). Cells were rod-shaped and able to form multicellular 26 
filaments. Growth after 7 days was observed at 10-40 °C, at pH 6-8 and 27 
with 0-0.5 % NaCl. The phylogenetic tree based on 16S rRNA gene 28 
sequences indicated that strain BUZ 2T is a member of the family 29 
Cytophagaceae, its closest neighbours being Rudanella lutea 5715S-11T, 30 
Spirosoma linguale LMG 10896T and Spirosoma panaciterrae Gsoil 1519T 31 
(87.8 %, 86.4 % and 86.1 % 16S rRNA gene similarity, respectively). The 32 
major fatty acids were summed feature 3 (comprising C16:1ω7c and/or 33 
isoC15:0 2-OH), C16:1ω5c and isoC15:0. The predominant respiratory 34 
quinone was MK-7 and the major polar lipids were 35 
phosphatidylethanolamine and several unidentified 36 
aminophospholipids. The G+C content was 56.5 mol%. On the basis of 37 
this polyphasic study, we propose that strain BUZ 2T represents a novel 38 
genus and species, for which the name Fibrella aestuarina gen. nov., sp. 39 
nov. is proposed. The type strain is BUZ 2T (= DSMZ 22563T = CCUG 40 
58136T). An emended description of the genus Rudanella is also 41 
proposed.  42 
 43 
The family Cytophagaceae (Ludwig et al., 2008) constitutes a phylogenetically 44 
diverse group within the phylum Bacteroidetes comprising Spirosoma (Finster 45 
et al., 2009), Runella (Larkin & Williams, 1978), Flectobacillus (Larkin et al., 46 
1977), Larkinella (Vancanneyt et al., 2006; Kulichevskaya et al., 2009) and 47 
Rudanella (Weon et al., 2008) among other genera.  48 
 3 
 49 
Strain BUZ 2T was isolated from a mud sample from tidal flats in 50 
Fedderwardersiel (53°35’59N, 8°21’23E, elevation 0 m), on the North Sea 51 
coast of Germany. This strain was isolated using a selective nutrient agar 52 
containing kanamycin (50 µg mL-1), developed by Flint in 1985 for the 53 
isolation and enumeration of Flavobacterium. The colonies were selected 54 
according to the color. The strain was routinely cultivated in liquid Spirosoma 55 
Medium (SM, DSMZ_Medium 7) and R2A broth (Reasoner & Geldreich, 1985) 56 
and preserved as a glycerol suspension (1:1 mix of glycerol and bacterial 57 
culture) at -80 °C. 58 
 59 
Bacterial genomic DNA was extracted using the protocol described in Svercel 60 
et al., (2009). The 16S rRNA gene was amplified by PCR using the universal 61 
bacterial primers (27F and 1525R) in a Techne TC 512 thermal cycler 62 
(Barloworld Scientific ltd, United Kingdom). Sequencing was performed both 63 
in-house (ABI 3730 Sequencer) and at an external facility (Microsynth, 64 
Switzerland). The sequences were assembled and edited manually using the 65 
Geneious Pro 3.6.2. software. Phylogenetic analysis was performed with the 66 
software package MEGA version 4.1 (Kumar et al., 2001) following a multiple 67 
alignment of data with Clustal_X2 (Thompson et al., 1997). Phylogenetic trees 68 
were constructed by using the neighbor-joining, minimal evolution (ME), 69 
maximum parsimony (MP) and maximum likelihood (ML) algorithms. 70 
Evolutionary distances were computed using the Kimura-2 model and 71 
Maximum Composite Likelihood methods. Maximum likelihood was performed 72 
 4 
using Garli (Zwickl, 2006). These analyses were performed using bootstrap 73 
values of 1000.  74 
 75 
According to Blast results based on a 1319 bp fragment of the 16S rRNA 76 
gene, strain BUZ 2T is a member of the family Cytophagaceae. It shares the 77 
highest 16S rRNA gene sequence similarities with Rudanella lutea 5715S-11T 78 
(87.9 %), Spirosoma linguale LMG 10896T (86.4 %) and Spirosoma 79 
panaciterrae Gsoil 1519T (86.1 %). These values are significantly lower than 80 
the threshold level of 95% that is generally used to delineate a potential new 81 
genus (Ludwig et al., 1998). The type strains of Rudanella lutea and 82 
Spirosoma linguale were selected as reference strains and studied in parallel 83 
to the new isolate in all phenotypic tests. In the neighbur-joining tree based on 84 
16S rRNA gene sequences, strain BUZ 2T formed a cluster with R. lutea with 85 
a high bootstrap support (Fig. 1) in line with the other tree-calculating methods 86 
(MP, ME and ML) employed in this study (data not shown).  87 
 88 
The Gram reaction was determined using the KOH test as described in Tindall 89 
et al. (2007). Bacterial cell morphology and gliding motility (Bernardet et al., 90 
2002) were observed under a light microscope (Olympus BX-51) from liquid 91 
cultures grown in SM for 1 day. For transmission (Philips CM100, FEI, 92 
Netherlands) and scanning (Supra 50 VP, Zeiss, Germany) electron 93 
microscopy strain BUZ 2T was grown for 4 days in SM broth at 30 °C. Cells for 94 
TEM were high pressure frozen (EMPact2, Leica Microsystems), and freeze 95 
substituted with anhydrous acetone with 2% OsO4 (EMAFS2, Leica) before 96 
embedding in Epon (Sigma, Switzerland). For SEM, cells were chemically 97 
 5 
fixed with 2.5 % glutaraldehyde in PBS and postfixed with 2 % OsO4, 98 
dehydrated with a graded ethanol series, critical point dried and coated with 5 99 
nm platinum. The presence of flagella was also assessed by TEM after 100 
negative staining with 2 % phosphotungstic acid in H2O.  101 
 102 
The physiological and biochemical tests were all performed at 30 °C unless 103 
otherwise indicated. Catalase activity was determined by adding a drop of 3 % 104 
H2O2 on top of colonies. Oxidase activity was assessed using the bioMérieux 105 
kit (bioMérieux, France) carried out according to the manufacturer's protocol. 106 
Flexirubin-type pigments were detected based on a color shift after exposure 107 
to a 20 % (w/v) KOH solution (Reichenbach, 1992).  108 
Pigments were extracted with ethanol (99 %) according to Gosink et al. 109 
(1998). The absorption spectrum between 350 nm and 800 nm was measured 110 
with a spectrophotometer (SpectraMax 384 Plus, Molecular Devices, USA) 111 
after 10 min incubation in the dark. 112 
 113 
Growth was tested in R2A, SM, nutrient broth (NB; Becton Dickinson, 114 
Switzerland), 0.2 % peptone water and 0.5 % yeast water, and on trypticase 115 
soy (TS; Becton Dickinson, Switzerland), yeast extract tryptone (YT; Becton 116 
Dickinson, Switzerland), blood and MacConkey agars. Since the isolate was 117 
growing well in R2A and SM broths, these two media were used for further 118 
analysis. Physiological and biochemical properties of strain BUZ 2T and the 119 
two reference strains were determined using API 20NE, API 20E, API 50CH 120 
and API ZYM strips (bioMérieux) according to the manufacturer’s instructions. 121 
The API 50CH strips were inoculated with cells suspended in AUX medium 122 
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(bioMérieux). API 20NE, API 20E, API 50CH strips were inspected after 3 and 123 
7 days at 30°C, whereas the incubation time for API ZYM was 5 h at 37 °C. 124 
The temperature range and the optimum temperature for growth were 125 
determined in R2A broth by growing the cultures at 4, 10, 15, 20, 30, 37 and 126 
40 °C. The pH range and the optimum pH for growth were examined in SM 127 
broth adjusted at 5.0 to 11.0 (at 1 pH unit intervals) prior to autoclaving using 128 
KHPO4 and K2HPO4. Higher pH values were reached with additional NaOH. 129 
The pH values were verified after autoclaving with pH strips. Growth at 130 
different temperatures and pH was inspected up to one week. Additionally, the 131 
tolerance to sodium chloride was tested on R2A plates adjusted to 0 - 10 % 132 
NaCl (at 0.5 % intervals). Anaerocult ® C (Merk, Germany) was used for 133 
building an oxygen depleted (5 - 7 % O2) and carbon dioxide enriched (8 – 10 134 
% CO2) atmosphere in anaerobe jars. Growth was followed up to one week. 135 
Hydrolysis of starch, xylan, CM-cellulose, pectin, amylopectin, agar and 136 
agarose were tested by adding 0.5 % of the respective polysaccharide to 137 
nutrient medium (Tindall et al., 2007) gellified using gellan gum. A single 138 
streak of the organisms was made across the centre of each plate. After 3 to 5 139 
days of incubation, the plates were flooded with iodine solution. A positive test 140 
was indicated by a colourless area around cell growth. Hydrolysis of casein 141 
was tested on milk agar prepared according to the Sigma recipe (15 g L-1 142 
agar, 10 mL fresh milk, 5 g L-1 peptone and 1 g L-1 yeast extract). One hole 143 
was made in the centre of the milk agar and it was subsequently filled with cell 144 
suspension in 0.7 % NaCl. The plates were inspected for clear zones around 145 
the hole after 2 and 5 days of incubation.  146 
 147 
 7 
Susceptibility to antibiotics was tested using the disc-diffusion method on R2A 148 
plates. The results were interpreted according to the guidelines set forth by 149 
the Clinical and Laboratory Standards Institute (CLSI, 2008). The following 150 
antibiotics were tested (bioMérieux, France; concentration per disc are 151 
indicated in parenthesis): amikacin (30 µg), amoxicillin (10 µg), 152 
amoxicillin/clavulanic acid (20 + 10 µg), chloramphenicol (30 µg), ciprofloxacin 153 
(5 µg), colistin (30 U), gentamycin sulfate (10 µg), kanamycin (30 µg), 154 
penicillin G (10 U), polymyxin B (300 U), rifampicin (30 µg), streptomycin (10 155 
µg), tetracycline (30 µg), and vancomycin (30 µg).  156 
 157 
Strain BUZ 2T produced a pink pigment with wavelength absorbance spectral 158 
peaks at 482 and 506 nm, with a major peak at 482 nm, whereas the positions 159 
of the major peak and shoulder of the closest relative S. linguale DSM 74T 160 
were at 452 and 480 nm, respectively. For R. lutea DSM 19387T the major 161 
peak and shoulders were at 476, 452 and 506 nm, respectively (see 162 
Supplementary Figure S1 in IJSEM Online). Absorption spectra between 380 163 
and 550 nm is most likely due to carotenoid pigments (Zscheile et al., 1942). 164 
  165 
The phenotypic characteristics of strain BUZ 2T are given in Table 1, and in 166 
the genus and species descriptions. Contrary to Finster et al. (2009), we did 167 
not observe gliding motility in the Spirosoma linguale type strain.  168 
 169 
For fatty acid analysis, strains BUZ 2T, R. lutea DSM 19387T and S. linguale 170 
DSM 74T were grown in SM broth for three days at room temperature. Fatty 171 
acids were analyzed by the Identification Service of the Deutsche Sammlung 172 
von Mikroorganismen und Zellkulturen (DSMZ, Braunschweig Germany) 173 
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according to the standard protocol of the MIDI/Hewlett Packard Microbial 174 
Identification System (Sasser, 1990). Quinone and polar lipid analyses and 175 
determination of the DNA G+C content of strain BUZ 2T were also carried out 176 
by the DSMZ and Dr. B.J. Tindall. The quinone content of R. lutea DSM 177 
19387T was also determined in this study. Extraction and purification of the 178 
genomic DNA of strain BUZ 2T was done following the protocol of Cashion et 179 
al. (1977) and the G+C content was measured by HPLC (Mesbah et al., 180 
1989).  181 
 182 
The cellular fatty acid profiles of strain BUZ 2T, S. linguale DSM 74T and R. 183 
lutea DSM 19387T are shown in Table 2. The dominant fatty acids of strain 184 
BUZ 2T were summed feature 3 (comprising C16:1ω7c and/or isoC15:0 2-OH; 185 
33.1 %), C16:1ω5c (17.5 %), isoC15:0 (11.9 %), C16:0 (9.8%) and isoC17:0 3-OH 186 
(9.3 %). Although the overall fatty acid composition of the three strains was 187 
rather similar, strain BUZ 2T could be distinguished from its closest 188 
phylogenetic neighbours by a lower proportion of summed feature 3, a higher 189 
proportion of isoC16:0 and the presence of isoC17:0, isoC17:1ω9c, and 190 
anteisoC17:0. 191 
 192 
Menaquinone 7 (MK-7) was the only respiratory quinone found in strain BUZ 193 
2T, in agreement with members of the genus Spirosoma. MK-7 was also the 194 
major respiratory quinone in R lutea DSM 19387T but a small amount of MK-6 195 
was also found.   196 
 197 
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The major polar lipid of strain BUZ 2T was phosphatidylethanolamine but 198 
several unidentified aminolipids, phospholipids, and aminophospholipids were 199 
also detected (see Supplementary Fig. S2 in IJSEM Online). Overall, this 200 
polar lipid profile was more similar to that of S. linguale DSM 74T than to that 201 
of R. lutea DSM 19387T (Weon et al., 2008) but strain BUZ 2T differed from 202 
these strains in the number of each type of polar lipids identified.  203 
 204 
The G+C content of strain BUZ 2T was 56.5 mol%, a value slightly higher than 205 
those reported for the two reference strains (Weon et al., 2008; Larkin & 206 
Borrall, 1984). 207 
 208 
Based on our analyses, we propose that strain BUZ 2T represents a novel 209 
genus and species for which the name Fibrella aestuarina gen. nov., sp. nov. 210 
is proposed. On the basis of new data obtained in this study, an emended 211 
description of the genus Rudanella is also proposed.  212 
 213 
 214 
Description of Fibrella gen. nov.  215 
Fibrella (Fib.rell'a. L. fem. n. fibra a fiber or filament, dim. suff. –ella. N. L. fem. 216 
n. Fibrella, a small fiber, referring to the ability of this bacterium to produce 217 
filaments).  218 
Cells are facultatively anaerobic, Gram-staining-negative non motile rods that 219 
form multicellular filaments. Catalase positive and oxidase negative. Nitrate is 220 
not reduced. Flexirubin type pigments are not produced. The predominant 221 
cellular fatty acids are summed feature 3 (comprising C16:1ω7c and/or isoC15:0 222 
2-OH), C16:1ω5c, isoC15:0, C16:0 and isoC17:0 3-OH. The major polar lipid is 223 
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phosphatidylethanolamine but several unidentified aminolipids, phospholipids, 224 
and aminophospholipids also occur. The only respiratory quinone is MK-7. 225 
The G+C content of the type strain of the type species is 56.5 mol%.  226 
 227 
Phylogenetically, the genus belongs to the family Cytophagaceae within the 228 
phylum Bacteroidetes. The type species is Fibrella aestuarina.  229 
 230 
Description of Fibrella aestuarina sp. nov.  231 
Fibrella aestuarina (ae.stu.a.ri'na L. n. aestuarium, a tidal marsh, N.L. fem. 232 
adj. aestuarina, belonging to a marsh, referring to the location where the 233 
bacterium was isolated).  234 
The following properties are in addition to those given in the genus 235 
description. After 1 day of incubation in SM broth cells are rods usually 0.8 µm 236 
in width and 1.1-6.9 µm in length, but filaments up to 245 µm in length also 237 
occur. During the transient growth phase in liquid culture, multicellular 238 
filaments up to 400 µm in length may be formed. Colonies on R2A are pink 239 
colored, convex and circular with regular edges. Flagellar and gliding motility 240 
are absent. Growth occurs in R2A, SM, NB, and in 0.5 % yeast water, on YT 241 
and TS agars but not on blood and MacConkey agars, nor in peptone water. 242 
The pH range for growth is 6.0 - 8.0 with an optimum at pH 7.0. The 243 
temperature range for growth is 10 - 40 °C, with an optimum at 25-30 °C. 244 
Does not require NaCl for growth but can tolerate 0.5 % (w/v) NaCl.  245 
Agar, agarose, amylopectin, casein, CM-cellulose, starch and xylan are 246 
hydrolyzed (showing clear halos around the colonies). Pectin is not 247 
hydrolyzed. In the API 20E strip, negative results are observed for arginine 248 
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dihydrolase, lysine decarboxylase, ornithine decarboxylase and urease 249 
activities, citrate utilization, and H2S and indole production. In the API ZYM 250 
strip, trypsin, α-chymotrypsin, α-galactosidase, β-galactosidase, α-251 
glucosidase, alkaline phosphatase, esterase (C4), esterase lipase (C8), 252 
leucine arylamidase, valine arylamidase, cystine arylamidase, acid 253 
phosphatase, naphthol-AS-BI-phosphohydrolase, β-glucosidase, N-acetyl-β-254 
glucosaminidase, α–mannosidase and α-fucosidase activities are present; 255 
lipase (C14) and β-glucuronidase activities are absent. In the API 20NE strip 256 
positive reactions are observed for β-galactosidase activity, aesculin and 257 
gelatin hydrolysis, assimilation of arabinose, glucose, maltose, mannose, and 258 
N-acetyl-glucosamine, weak assimilation of potassium gluconate; negative 259 
reactions are observed for nitrate reduction, indole production, glucose 260 
fermentation, arginine dihydrolase and urease activities; assimilation of D-261 
mannitol, capric acid, adipic acid, malic acid, trisodium citrate and 262 
phenylacetic acid. In the API 50CH strip after 7 days of incubation, the 263 
following substrates are assimilated: L-arabinose, D-ribose, D-xylose, methyl-264 
βD-xylopyranoside, D-galactose, D-glucose, D-fructose, D-mannose, methyl-265 
αD-mannopyranoside, methyl-αD-glucopyranoside, N-acetyl-glucosamine, 266 
amygdalin, arbutin, aesculin, salicin, D-cellobiose, D-maltose, D-lactose 267 
(bovine origin), D-melibiose, D-saccharose, D-trehalose, inulin, D-melezitose, 268 
D-raffinose, starch, glycogen, gentiobiose, D-turanose, and potassium 2-269 
ketogluconate; weak assimilation of potassium gluconate; the following 270 
substrates are not assimilated: glycerol, erythritol, D-arabinose, L-xylose, D-271 
adonidol, L-sorbose, L-rhamnose, dulcitol, inositol, D-mannitol, D-sorbitol, 272 
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xylitol, D-lyxose, D-tagatose, D and L-fucose, D and L-arabitol and potassium 273 
5-ketogluconate.  274 
 275 
Resistant to amikacin (30 µg), colistin (30 U), gentamicin (10 µg), kanamycin 276 
(30 µg), polymyxin B (300 U), and vancomycin (10 µg). Sensitive to amoxicillin 277 
(10 µg), amoxicillin/clavulanic acid (20 + 10 µg), chloramphenicol (30 µg), 278 
ciprofloxacin (5 µg), penicillin G (10 U), rifampicin (30 µg), streptomycin (30 279 
µg), and tetracycline (30 µg). 280 
 281 
The type strain, BUZ 2T (= CCUG 58136T; DSM 22563T) was isolated from 282 
mud in a tidal flat on the North Sea Coast of Germany.  283 
 284 
Emended description of the genus Rudanella Weon et al. 2008 285 
The description is as given by Weon et al., (2008) with the following 286 
emendation. The major respiratory quinone is MK-7 (96 %), but a small 287 
amount of MK-6 (4 %) is also detected. The antibiotic sensitivity profile is the 288 
same as that of F. aestuarina, with the exception that R. lutea is sensitive to 289 
vancomycin. The genus is a member of the family Cytophagaceae, phylum 290 
Bacteroidetes.  291 
 292 
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Table 1: Phenotypic properties of strain BUZ 2T and its two closest type 395 
species.  396 
All data are from this study except for the G+C content of R. lutea 5715S-11T 397 
and S. linguale DSM 74T which are taken from Weon et al. (2008).  398 
 399 
In API ZYM strips, all strains are positive for alkaline phosphatase, esterase 400 
(C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine 401 
arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, β-402 
glucosidase, α-chymotrypsin and N-acetyl-β-glucosaminidase activities All 403 
strains are negative for lipase (C14) and β-glucuronidase activities. None of 404 
the strains exhibit gliding motility. In API 20NE and API 20E strips all strains 405 
are negative for indole and H2S production, glucose fermentation, arginine 406 
dihydrolase, lysine decarboxylase, ornithine decarboxylase and urease 407 
activities, nitrate reduction, citrate utilization; and assimilation of D-mannitol, 408 
capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid; all 409 
strains are positive for aesculin hydrolysis and β-galactosidase activity. In API 410 
50CH strips all strains are negative for glycerol, erythritol, D-arabinose, L-411 
xylose, D-adonidol, L-sorbose, L-rhamnose, dulcitol, inositol, D-mannitol, D-412 
sorbitol, xylitol, D-tagatose, D and L-fucose, D and L-arabitol and posassium 413 
5-ketogluconate assimilation. All strains are positive for aesculin assimilation 414 
(API 50CH) and amilopectin hydrolysis. All strains are resistant to amikacin, 415 
colistin, gentamicin, kanamycin and polymyxin B. All strains are sensitive to 416 
amoxicillin, amoxicillin + clavulanic acid, chloramphenicol, ciprofloxacin, 417 
penicillin G, rifampicin, streptomycin and tetracycline. 418 
+, positive; w, weakly positive; - negative. 419 
* optimum pH in parenthesis.  420 
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 421 
Characteristic BUZ 2T R. lutea  DSM 19387T 
S. linguale  
DSM 74T 
Cell morphology rods and 
filaments 
rods and filaments ring-like and 
horseshoe-shaped 
Colony color pink orange Yellow 
Temperature range (°C) 10-40  10-40  4-37 
pH range* 6-8 (7) 6.0-11.0 (7) 6-8 (8) 
Tolerance to NaCl (%) 0-0.5 0-2 0-1.25 
Growth on peptone  - w - 
Oxidase activity - - + 
Hydrolysis of: 
     Gelatin 
     Starch 
     CM Cellulose 
     Agar 
     Xylan 
     Casein 
     Agarose 
 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
 
- 
w 
- 
- 
+ 
+ 
- 
 
- 
w 
- 
- 
- 
- 
- 
Assimilation of 
(API20NE and 50CH): 
     D-Glucose 
     L-Arabinose 
     D-Mannose 
     N-acetyl-glucosamine  
     Maltose 
     D-Fructose 
     D-Raffinose 
     Potassium gluconate 
     Methyl-β D-
Xylopyranoside 
    D-Lyxose 
    Glycogen 
    Arbutin 
    D-Ribose 
    D-Xylose 
    D-Galactose 
    Methyl α D-
Mannopyranoside 
    Methyl α D-
Glucopyranoside 
    Amygdalin 
    Salicin 
    D-Cellobiose 
    D-Lactose 
    D-Melibiose 
    D-Saccharose 
    D-Trehalose 
    Inulin 
 
 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
w 
 
+ 
- 
+ 
+ 
+ 
+ 
+ 
+ 
 
+ 
 
w 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
 
 
- 
- 
- 
- 
- 
- 
- 
- 
 
- 
- 
- 
- 
- 
- 
- 
- 
 
- 
 
- 
- 
- 
- 
- 
- 
- 
- 
 
 
+ 
w 
+ 
+ 
+ 
+ 
+ 
- 
 
- 
+ 
- 
- 
- 
+ 
+ 
+ 
 
+ 
 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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    D-Melizitose 
    Starch 
    Gentiobiose 
    D-Turanose 
    Potassium 2-
Ketogluconate 
+ 
+ 
+ 
+ 
w 
 
- 
- 
- 
- 
- 
 
+ 
+ 
w 
+ 
- 
 
Enzymatic activity  
(API ZYM) 
α-fucosidase 
α-mannosidase 
α-glucosidase 
α-galactosidase 
β-galactosidase 
 
 
+ 
+ 
+ 
+ 
+ 
 
 
- 
- 
- 
- 
- 
 
 
- 
+ 
+ 
+ 
+ 
Suscenptibility to: 
    Vancomycin 
 
R 
 
S 
 
S 
G+C content (mol%) 56.5 55 51-53 
 422 
423 
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Table 2: Fatty acid content (%) of strain BUZ 2T and its closest neighbours. Fatty 423 
acid amounting to <1% of the total fatty acid in all three strains are not shown. Tr, 424 
trace amounts (<1 %); ND, not detected. 425 
All data are from this study, bacteria were grown in SM broth at room temperature for 426 
3 days.  427 
 428 
Fatty acids 
 
BUZ 2T 
 
R. lutea 
DSM 19387T 
S. linguale  
DSM 74T 
Straight-chain    
C15:0 1.0 1.1 Tr 
C16:0 9.8 4.3 3.7 
Branched saturated    
isoC13:0 ND ND 2.0 
isoC15:0 11.9 8.3 7.9 
isoC16:0 1.3 1.3 Tr 
isoC17:0 3.4 Tr Tr 
anteisoC15:0 2.1 1.8 2.0 
anteisoC17:0 1.7 Tr Tr 
Hydroxy fatty acid    
isoC15:0 3-OH 1.3 2.3 2.6 
C16:0 3-OH 1.6 3.6 2.2 
isoC17:0 3-OH 9.3 6.8 7.5 
Mono-unsaturated    
C16:1ω5c 17.5 21.2 18.1 
isoC17:1 ω9c 1.2 Tr Tr 
Summed feature 3  33.1 42 46.1 
 429 
Summed features are groups of two or three fatty acids that could not be separated by GLC 430 
using the MIDI system.  431 
Summed feature 3 comprised C16:1ω7c and/or iso-C15:0 2-OH. 432 
433 
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Figure legends 433 
 434 
Fig. 1 Neighbor-joining phylogenetic tree based on 16S rRNA gene 435 
sequences showing the relationship of strain BUZ 2T with representative 436 
members of the family Cytophagaceae. Bootstrap values (expressed as 437 
percentages of 1000 replications) greater than 70 % are shown at branch 438 
nodes. Bar, 0.02 substitution per nucleotide position. Accession numbers of 439 
16S rRNA gene sequences are given in brackets. The tree was rooted using 440 
Rhodothermus marinus DSM 4252T (AF217494) as the outgroup. 441 
 442 
Fig. 2 Electron micrographs of strain BUZ 2T. (A) Scanning electron 443 
micrograph showing filamentous cells. (B) Transmission electron micrograph 444 
of a longitudinal section and cross-sections of bacterial cells. Bar, 1 µm for all 445 
pictures.  446 
 447 
Fig. S1 Absorption spectra of the ethanol extracted pigments of strain BUZ 2T 448 
and its closest phylogenetic neighbours R. lutea DSM 19387T and S. linguale 449 
DSM 74T. The data were normalized by dividing the values by the highest 450 
value. 451 
 452 
Fig. S2 Two-dimensional thin-layer chromatograph of the polar lipid extract 453 
obtained from strain BUZ 2T sprayed with 5% molybdophosphoric acid in 454 
ethanol and heating. PE = Phosphatidylethanolamine; PL1, PL2 = 455 
Unidentified phospholipid; PN1-PN4 = Unidentified aminophospholipids; AL1, 456 
AL2 = Unidentified aminolipids; L1 = Lipid. 457 
458 
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Fig. 1 460 
461 
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Fig. 2 466 
